This paper comprehensively analyzed the price integration of the U.S. natural gas futures market and its physical markets. The analyses were conducted in the form of graphics using the ensemble empirical mode decomposition (EEMD) method and minimum spanning trees with various horizons. Our findings indicated that the network structures of the minimum spanning trees of the gas futures and physical markets are the same on different time scales. The citygate returns were always the core of the physical gas markets. In addition, the gas futures and physical markets were highly integrated on different time scales. Moreover, our findings showed that at the original data level, unidirectional linear and nonlinear causalities from gas futures to physical returns exist. Specifically, the relationships between futures and physical gas returns were not constant across various time scales. In the long term, futures gas returns had only a linear causality with the citygate, commercial, and industry gas returns, and a unidirectional, nonlinear causality with residential gas returns.
Introduction
The integration of the natural gas futures market and the wholesale and end-use gas markets (gas physical markets), and the complex linkage mechanisms between them, have often been the focus of energy policy makers and market participants [1] . Market participants take part in natural gas market activities, and market information is conveyed through the various types of natural gas markets. Changes in the gas futures market could cause changes in the gas physical markets, and price information from the natural gas physical markets could also be fed back to the gas futures market. In addition, price movements in the physical natural gas markets would present price risks for market participants. However, market participants can trade in the natural gas futures market in order to mitigate price risks. Thus, by using this type of information transmission to manage market risk, market participants can create optimal natural gas production or storage plans. Furthermore, by gaining a better understanding of the complex linkage mechanism between the natural gas futures market and the physical markets, related energy policy makers can create effective supply and demand adjustment strategies and long-term policies for the natural gas physical markets.
In this study, a novel approach-the minimum spanning tree model-was used to analyze the integration of natural gas futures and the physical markets. First, the synchronous correlation into different time-frequency series. Through the decomposition of the EEMD approach, the high frequency, low frequency, and long trend term decomposed timeseries were obtained, which have different economic implications. Using the decomposition series, the minimal spanning tree model was then employed to construct the minimal spanning tree graphs of natural gas markets on different time scales, in order to explore the integration of natural gas futures and physical markets across the time horizons. Furthermore, using the decomposition series, the linear and nonlinear Granger causality test was used to comprehensively investigate the linear and nonlinear linkages between the natural gas futures and physical markets in the short, medium, and long term.
EEMD Model
The EEMD method effectively decomposed the price returns of natural gas futures and physical markets into different orthogonal time scale series. Before the decomposition, the returns of the futures and physical markets were calculated for further analysis. If r i represents the natural gas market return series, then r i = ln(P i (t)) − ln(P i (t − 1)) where P i (t) is the price of the natural gas market i at t. By decomposing the original return series x(t), a series of orthogonal intrinsic mode function (IMF) components can be obtained: c 1 , c 2 , ..., c n , and r 1 − c 2 = r 2 , r 2 − c 3 = r 3 , ..., r n−1 − c n = r n . The original target time series x(t) can be represented by the IMFs and one residual term as follows [28] :
where c i represents the IMF, n is the number of IMFs, and r n represents the residual term of the original target time series x(t).
Minimal Spanning Tree Model
To investigate the integration of the U.S. physical and futures markets with various horizons, this study used graph theory to construct minimum spanning tree models on multiple time scales. The advantage of the minimum spanning tree approach is that it can overcome the curse of dimensionality based on the pairwise correlation, while other network models, such as connectedness network, are heavily limited by the number of variables [29] [30] [31] [32] [33] .
First, the synchronous correlation coefficients of natural gas physical and futures returns on multi-time scales were computed as follows [34] :
where ρ ij is the correlation coefficient, and r i and r j correspond to the decomposition time series of the monthly returns for natural gas markets i and j, respectively. r i is the average of r i for the whole period; T is the sample length. Thus, the 6 × 6 matrix of correlation coefficients C can be computed for all pairs i j. C is symmetric with ρ ij = 1 when i = j. The minimum spanning tree models for the natural gas market integration was then constructed. However, the correlation coefficient ρ ij could not be used as a distance d ij because it did not fulfil the three criteria of Euclidean distance [35] : (1) d ij = 0 if and only if i = j, (2) d ij = d ji , and (3) d ij ≤ d ik + d k j . Therefore, the correlation matrix C was transformed into the distance matrix D using the following formula:
where d ij represents the distance between the monthly gas returns. This distance matrix corresponded to the fully connected graph. If the value of the distance is small, it shows that the degree of integration of the two groups of natural gas markets is high. The minimum spanning tree models of the physical and futures natural gas markets on different time scales were constructed using the algorithm by Kruskal [36] .
To measure the tightness of the minimum spanning trees on different time scales, the normalized length of the minimum spanning trees was calculated as follows:
where d ij denotes the distance between i and j. N − 1 indicates the number of edges, MST represents the minimum spanning tree, and L represents the normalized length of the minimum spanning tree. If the value of L is small, it shows that the integration degree of the natural gas markets is high.
Linear Granger Test
First, the stationary characteristics of the original and decomposition series were examined using the unit root test. If all of these characteristics are stationary, the vector autoregressive (VAR) model proposed by Sims [37] can be used to analyze the linear Granger causality between the natural gas futures and physical markets. The bivariate VAR model was constructed as follows:
where a 1 and a 2 represent the intercept terms, and b and c represent the estimated coefficients. m represents the optimal lag order of the model, which is determined using the Akaike information criterion (AIC). The null hypothesis is that X cannot Granger cause Y in Equation (5), and Y cannot Granger cause X in Equation (6); that is, b 1i = 0 and c 2i = 0 (i = 1, 2, ..., m).
Nonlinear Granger Test from the GARCH (1,1) Model
First, the GARCH (1,1) model was used to filter the natural gas futures and the physical original and decomposition series to obtain the residual series (considering that the natural gas market returns may have a GARCH effect, this study introduced the GARCH model to capture this dynamic effect) [38] . The standard GARCH (1,1) model was constructed as follows [39] :
where x t = (x 1t , x 2t , · · · , x kt ) is the explanation variable vector, and γ = (γ 1 , γ 2 , · · · γ k ) is the coefficient vector.
The nonlinear Granger causality test proposed by Diks and Panchenko [40] was then performed to uncover the nonlinear causality between the natural gas futures and physical markets by using the GARCH (1,1) filtered residual series, which effectively overcame the over-rejection problem of the method proposed by Hiemstra and Jones [41] .
Data Sources
The natural gas futures (contract 1) and physical prices were derived from the U.S. Energy Information Administration website were obtained from https://www.eia.gov/dnav/ng/NG_PRI_FUT_ S1_D.htm; the physical gas prices were obtained from https://www.eia.gov/dnav/ng/ng_pri_sum_dcu_ nus_m.htm). Because of the availability of the data, the monthly prices of natural gas futures, citygate, commercial, residential, industrial, and natural power were collected for the period from January 2002 to March 2017. The citygate price of natural gas is the price paid by natural gas retailers when they receive the natural gas through pipelines; the prices of commercial, residential, industrial, and natural power natural gas are the prices paid by service companies, residents, factories, and power companies for using natural gas, respectively. All of the data were adjusted for inflation over the examined period. To construct real oil prices and real gas prices, the nominal prices were deflated by the monthly consumer price index of the U.S., obtained from the Federal Reserve Bank of Saint Louis. Figure 1 shows the movements of the natural gas futures and physical prices from January 2002 to March 2017. Here, it can be seen that the overtrends of the natural gas futures prices and citygate, commercial, industrial, and power prices have always stayed consistent, while the residential prices show obvious seasonal characteristics. The natural gas futures (contract 1) and physical prices were derived from the U.S. Energy Information Administration website were obtained from https://www.eia.gov/dnav/ng/NG_PRI_FUT_S1_D.htm; the physical gas prices were obtained from https://www.eia.gov/dnav/ng/ng_pri_sum_dcu_nus_m.htm). Because of the availability of the data, the monthly prices of natural gas futures, citygate, commercial, residential, industrial, and natural power were collected for the period from January 2002 to March 2017. The citygate price of natural gas is the price paid by natural gas retailers when they receive the natural gas through pipelines; the prices of commercial, residential, industrial, and natural power natural gas are the prices paid by service companies, residents, factories, and power companies for using natural gas, respectively. All of the data were adjusted for inflation over the examined period. To construct real oil prices and real gas prices, the nominal prices were deflated by the monthly consumer price index of the U.S., obtained from the Federal Reserve Bank of Saint Louis. Figure 1 shows the movements of the natural gas futures and physical prices from January 2002 to March 2017. Here, it can be seen that the overtrends of the natural gas futures prices and citygate, commercial, industrial, and power prices have always stayed consistent, while the residential prices show obvious seasonal characteristics. Table 1 shows the descriptive statistics of the natural gas futures and physical prices. The average prices of commercial and residential gas were significantly higher than those of citygate, industrial, and power. At the same time, the standard deviations of residential gas and futures prices were higher than those of the other kinds of natural gas prices, indicating that residential gas and futures prices fluctuate at significantly higher levels than those of the other kinds of natural gas prices. This is mainly because residential gas prices are susceptible to seasonality, such as in the winter. The seasonal component of the price creates additional noise; thus, the seasonally adjusted data were obtained using the X-12 procedure for further analysis. Note: The unit of the price series for natural gas futures and physical markets is USD/Mbtu.
Empirical Results and Discussion

Multiscale Analysis
The decomposition results of natural gas futures and physical returns are shown in Figure 2 , which shows that four IMFs and one residual term were obtained for all of the original return series. The time scale of each decomposition component was measured, and these results are shown in Table  2 . The average duration of IMF1 was three months, corresponding to the market fluctuations caused by the short-term market disequilibrium between supply and demand. The duration of this fluctuation effect was relatively short. The duration of IMFs 2-4 was between six months and three years, mainly because of the shock effects of minor or significant events or significant changes in energy policies. Because of the different attributes of the different natural gas markets, the natural gas futures and physical markets are likely to be affected by different factors that have medium-term effects. The residual term reflects the long-term evolution trends of the natural gas markets. Table 1 shows the descriptive statistics of the natural gas futures and physical prices. The average prices of commercial and residential gas were significantly higher than those of citygate, industrial, and power. At the same time, the standard deviations of residential gas and futures prices were higher than those of the other kinds of natural gas prices, indicating that residential gas and futures prices fluctuate at significantly higher levels than those of the other kinds of natural gas prices. This is mainly because residential gas prices are susceptible to seasonality, such as in the winter. The seasonal component of the price creates additional noise; thus, the seasonally adjusted data were obtained using the X-12 procedure for further analysis. Note: The unit of the price series for natural gas futures and physical markets is USD/Mbtu.
Empirical Results and Discussion
Multiscale Analysis
The decomposition results of natural gas futures and physical returns are shown in Figure 2 , which shows that four IMFs and one residual term were obtained for all of the original return series. The time scale of each decomposition component was measured, and these results are shown in Table 2 . The average duration of IMF1 was three months, corresponding to the market fluctuations caused by the short-term market disequilibrium between supply and demand. The duration of this fluctuation effect was relatively short. The duration of IMFs 2-4 was between six months and three years, mainly because of the shock effects of minor or significant events or significant changes in energy policies. Because of the different attributes of the different natural gas markets, the natural gas futures and physical markets are likely to be affected by different factors that have medium-term effects. The residual term reflects the long-term evolution trends of the natural gas markets. To analyze the contribution of each decomposition series to the total fluctuations of the original series, the proportion of the variance of each decomposition series to the variance of the original series was measured. Based on the results in Table 2 , the IMF1 accounted for the largest proportion of the total market fluctuations. In particular, the proportion values of IMF1 accounted for 61.77%, 44.85%, 52.89%, 59.14%, 58.50%, and 61.07% of the natural gas futures, citygate, commercial, residential, industrial, and power returns, respectively. These results show that the short-term market fluctuations contributed most to the behavior of the natural gas futures and physical markets. IMFs 2-4 also accounted for a large proportion, indicating that the impact of minor or significant events can cause large fluctuations in the natural gas futures and physical markets [42, 43] . The residual terms contributed relatively little to the fluctuations of the natural gas futures and physical markets. In the different natural gas markets in the U.S., the internal driving mechanisms are basically the same. That is, the U.S. natural gas markets' fluctuations are mainly caused by short-term disequilibrium between market supply and demand and the shock impact of minor or significant events, while the long-term market trends contribute little to natural gas fluctuations. This is mainly because the pricing of U.S. natural gas is based on the U.S. gas-on-gas pricing system, not on a formula linked to oil prices [44] [45] [46] . To analyze the contribution of each decomposition series to the total fluctuations of the original series, the proportion of the variance of each decomposition series to the variance of the original series was measured. Based on the results in Table 2 , the IMF1 accounted for the largest proportion of the total market fluctuations. In particular, the proportion values of IMF1 accounted for 61.77%, 44.85%, 52.89%, 59.14%, 58.50%, and 61.07% of the natural gas futures, citygate, commercial, residential, industrial, and power returns, respectively. These results show that the short-term market fluctuations contributed most to the behavior of the natural gas futures and physical markets. IMFs 2-4 also accounted for a large proportion, indicating that the impact of minor or significant events can cause large fluctuations in the natural gas futures and physical markets [42, 43] . The residual terms contributed relatively little to the fluctuations of the natural gas futures and physical markets. In the different natural gas markets in the U.S., the internal driving mechanisms are basically the same. That is, the U.S. natural gas markets' fluctuations are mainly caused by short-term disequilibrium between market supply and demand and the shock impact of minor or significant events, while the long-term market trends contribute little to natural gas fluctuations. This is mainly because the pricing of U.S. natural gas is based on the U.S. gas-on-gas pricing system, not on a formula linked to oil prices [44] [45] [46] .
Analysis of Physical and Futures Gas Market Integration
The degree of integration of the futures and physical natural gas markets was analyzed from a multiscale perspective in this study. Figure 3 shows the minimum spanning trees of the return systems of the futures and physical natural gas markets from January 2002 to March 2017 on the original data level and different time scales, where the numbers indicate the distance between the two kinds of natural gas markets. The network structures of the minimum spanning trees were the same on the different time scales. The results show that the linkage between the futures and physical gas markets was similar at various time horizons, and the linkage was stable across different time scales. Specifically, the minimum spanning trees of IMFs for physical gas markets exhibited the same core structures. The citygate returns were always the core of the physical gas markets. Figure 4 presents the average path length of the monthly minimum spanning tree of the physical and futures gas markets on the original data level and different time scales. Here, the average path length of the minimum spanning trees showed some differences for the different time scales. However, these results did not show an obvious trend. The average path length of the minimum spanning trees ranged from 0.6 to 1, which also shows that the physical and futures natural gas markets are highly integrated on different time scales. This result was also similar to the findings of Arano and Velikova [22] , Arano and Velikova [23] , Apergis et al. [25] , and Ghoddusi [26] . However, these previous studies provided strong evidence of high integration only for the futures, upstream, and downstream gas markets on the original data level. Therefore, this study confirmed new evidence and extended the previous literature on multi-time scales. 
Linear Granger Causality Analysis
The stationary characteristics of the original and decomposition series were tested, and the results of the augmented Dickey-Fuller (ADF) [47] and Phillips-Perron (PP) [48] unit root tests are 
The stationary characteristics of the original and decomposition series were tested, and the results of the augmented Dickey-Fuller (ADF) [47] and Phillips-Perron (PP) [48] unit root tests are shown in Table 3 , which suggested that all series are stationary (the results of the unit root test for the IMFs and residual series can be provided upon request). In addition, the structural breaks in the time series may have caused the natural gas price behavior to change, thus affecting the results of the unit root test. In this study, the unit root test allowing for a single exogenous structural break, as proposed by Zivot and Andrews [49] , was employed. As shown in Table 3 , the results indicated that the original futures and physical returns are stationary, and were not affected by the structural breaks. Meanwhile, most of these structural breaks mainly occurred in 2005/9, 2005/10, and 2006/1, due to the North American shale gas revolution that happened around 2006 [44, 46] . Next, the results of the linear Granger causality test between the natural gas futures and physical markets on the multi-time scales are shown in Table 4 . For the original data level, only a unidirectional linear Granger causality from the natural gas futures to all of the physical gas returns was found at the 5% significance level. This result was consistent with the findings of Ghoddusi [26] . Price movements in the natural gas futures market can be expected to cause the change of prices in the wholesale and end-use markets. For the short time scale, a bidirectional linear Granger causality between natural gas futures and all of the physical gas returns was found at the 5% significance level, showing that short-term market fluctuations can be conducted between the futures and physical markets. For the medium time scale, a unidirectional linear Granger causality from the natural gas futures to citygate returns was found at the 5% significance level. However, a bidirectional linear Granger causality between the natural gas futures and other physical markets was found at the 5% significance level in most cases. For the long-term scale, a unidirectional linear Granger causality was found only from natural gas futures to citygate, commercial, and industry returns, while no evidence was found for a linear Granger causality between natural gas futures and residential and power returns. For the long-term relationship, this result was similar to Ghoddusi [26] , who found that futures returns are co-integrated with power, industrial, and citygate returns but not for commercial and residential returns. Both of these results showed that a long-term relationship does not exist between futures returns and residential returns.
In summary, our results extended the findings of Ghoddusi [26] to multiple time scales. Indeed, the time scales have an impact on the linear relationship between futures and physical markets. The relationship between futures and physical gas returns is not constant across various time scales. Due to differences in the market price behavior in the short-term and long-term scales, the linear relationship between futures and physical markets changes on different time horizons. These results also showed that the multi-time scales should be considered when the complex linkage mechanisms between futures and physical markets are explored. 
Results of the Brock, Dechert, and Scheinkman (BDS) Test
To test whether the original return and decomposition series had embedded nonlinear characteristics, the BDS test [50] was employed to explore the time series filtered by the GARCH (1,1) model. If the null hypothesis of the time series as independent and identically distributed was rejected, this would indicate that the time series had nonlinear features. Hence, a nonlinear Granger causality test was needed to capture the nonlinear linkage mechanism. Table 5 shows the results of the BDS test. The results showed that except for the original series of the GARCH (1,1) , filtering the residuals for the natural gas futures and physical returns was not significant at the 5% level; all the other series rejected the null hypothesis, indicating that they had embedded nonlinear characteristics. 
Nonlinear Granger Causality Analysis between Futures and Physical Markets from the GARCH (1,1)
This section describes our extension of the previous findings and discusses the results under a nonlinear causality framework. Based on this study's sample size, according to Diks and Panchenko [40] , the lag period was set to 6, the bandwidth parameter was set to 8, the theoretical optimisation rate was set to 2/7, and the optimal bandwidth was set to 1.81 (according to Diks and Panchenko (2006) , the bandwidth was calculated by the following: ε n = max(Cn −2/7 , 1.5), Cn −2/7 = 1.811502). Tables 6-10 present the results of the multiscale nonlinear Granger causality test between futures and physical gas markets.
Nonlinear Granger Causality Analysis between Futures and Citygate Returns
On the original data level, only a unidirectional nonlinear causality was found from the gas futures to citygate returns. For the short-term scale, the results for IMF1 showed that a bidirectional nonlinear causality between the gas futures and citygate returns was found at the 5% significance level. For the medium-term scale, the nonlinear Granger causality test indicated that a bidirectional nonlinear Granger relationship existed between them at the 5% significance level for IMF2, but not for IMF3 and IMF4. For the long-term scale, no evidence of nonlinear causality could be found, unlike the linear Granger test, which showed that a unidirectional linear causality was found from the futures to citygate returns. Note: ** or *** denote significance at the 5% or 1% levels, respectively.
Nonlinear Granger Causality Analysis between Futures and Commercial Returns
For the original data level, the test showed that only a unidirectional nonlinear causality existed from the futures to commercial returns. For the short-term scale, the results for IMF1 show that a bidirectional nonlinear Granger causality existed between the natural gas futures and commercial returns. For the medium-term time scale, the nonlinear Granger causality test supports that a unidirectional nonlinear Granger causality was significant at the 1% confidence level from the natural gas futures to commercial returns for IMF2 and IMF4. For the long-term scale, the test showed that a nonlinear Granger causality did not exist between the two market returns. Note: ** or *** denote significance at the 5% or 1% levels, respectively.
Nonlinear Granger Causality Analysis between Futures and Residential Returns
For the original data level, the test showed that only a unidirectional nonlinear Granger causality existed from the natural gas futures to residential returns. For the short-term scale, the results for IMF1 showed that a unidirectional nonlinear Granger causality existed from the natural gas residential to futures returns. For the medium-term time scale, the nonlinear Granger causality test supported the idea that a bidirectional nonlinear Granger causality was significant at the 5% confidence level between the natural gas futures and commercial returns for IMF2. For the long-term scale, the test showed a unidirectional nonlinear Granger causality from futures to residential returns, which was unlike the results of the linear causality test in which no causality evidence was found between the futures and residential returns on the long-term scale. Note: ** or *** denote significance at the 5% or 1% levels, respectively.
Nonlinear Granger Causality Analysis between Futures and Industry Returns
For the original data level, the test showed that only a unidirectional nonlinear Granger causality from the natural gas futures to industrial returns existed. For the short-term scale, a significant bidirectional nonlinear Granger causality was found for IMF1 between the natural gas futures and industrial returns at the 5% confidence level. For the medium-term scale, the nonlinear Granger causality test at the 5% significance level indicated that a bidirectional nonlinear Granger causality existed between the natural gas futures and industrial returns for IMFs 2 and 3. For the long term, the test showed that no nonlinear Granger causality existed between the two market returns. Note: ** or *** denote significance at the 5% or 1% levels, respectively.
Nonlinear Granger Causality Analysis between Futures and Power Returns
For the original data level, the test found that a unidirectional nonlinear Granger causality existed from the natural gas futures to power returns. For the short-term scale, the nonlinear Granger causality test results for IMF1 from the power to natural gas futures returns were insignificant at the 5% confidence level. On the medium-term scale, the nonlinear Granger causality test at the 5% significance level indicated a bidirectional nonlinear Granger causality between the natural gas futures and power returns for IMF2. For the long term, the test showed that a nonlinear Granger causality did not exist between the two market returns. In summary, such nonlinear evidence effectively supplemented the results of the linear causality test, while also providing new evidence to support Ghoddusi [26] and Ghoddusi and Emamzadehfard [27] . On the medium-term scale, the nonlinear test found that bidirectional causality existed between futures and all of the physical returns, while the linear test showed that no evidence of causality between futures and city gate could be found. The nonlinear test also found unidirectional causality from futures to residential returns for the long-term scales. As can be seen, it is indeed important to consider nonlinear features when explaining the complex linkages between futures and physical gas markets. Furthermore, the relationship was strengthened between futures and physical gas returns on the short-and medium-term scales, while it became weak on the long-term time scale.
Sensitivity Analysis
The natural gas market is an uncertain environment and is often impacted by significant extreme events, such as the North American shale gas revolution or the 2008 Global Financial Crisis. In order to ensure the robustness of the empirical results, a sensitivity analysis was carried out. Thus, this study divided the full sample into two subsamples, and investigated whether the results of the subsamples were consistent with the results of the full sample, considering the impact of the North American shale gas revolution and the 2008 Global Financial Crisis on the full sample. Referring to Geng et al. [44] and Aruga [51] , we divided the full sample into two subsamples. The first subsample period ranged from January 2002 to September 2009, and the second subsample period ranged from October 2009 to March 2017.
The minimum spanning trees for natural gas futures and physical markets on the original data level during the two subsample periods are shown in Figure 5 . The structure of the minimum spanning trees in the first sample was the same as the one in the second subsample, which was also consistent with the results of the full sample. Furthermore, the linear Granger causality between the futures and physical returns on the original data level during the two subsample periods is shown in Table 11 . Most of the results of the two subsamples were consistent with the results of the full sample. Nonlinear Granger causality results between the futures and physical returns on the original data level during the two subsample periods are shown in Table 12 , which were also consistent with the results of the full sample. Given space limitations, the results of the IMFs and residual series will be provided upon request. These results supported the robustness of the empirical results of the full sample. The results also mean that while the uncertain environment will indeed influence the changes of natural gas prices, it is difficult to affect the integrated relationship between natural gas futures and physical markets. and physical gas returns on the short-and medium-term scales, while it became weak on the longterm time scale.
The minimum spanning trees for natural gas futures and physical markets on the original data level during the two subsample periods are shown in Figure 5 . The structure of the minimum spanning trees in the first sample was the same as the one in the second subsample, which was also consistent with the results of the full sample. Furthermore, the linear Granger causality between the futures and physical returns on the original data level during the two subsample periods is shown in Table 11 . Most of the results of the two subsamples were consistent with the results of the full sample. Nonlinear Granger causality results between the futures and physical returns on the original data level during the two subsample periods are shown in Table 12 , which were also consistent with the results of the full sample. Given space limitations, the results of the IMFs and residual series will be provided upon request. These results supported the robustness of the empirical results of the full sample. The results also mean that while the uncertain environment will indeed influence the changes of natural gas prices, it is difficult to affect the integrated relationship between natural gas futures and physical markets. 
Conclusions and Policy Implications
The minimum spanning tree graphic showed that a unified market has already formed for the futures and physical gas markets. The network structures of the minimum spanning trees were the same on various time horizons. Specifically, the citygate returns were always the core of the physical gas markets. Moreover, high integration always existed for the physical and futures natural gas markets on different time scales. Furthermore, the direction of the causality between the futures and physical markets was comprehensively clarified, showing that the causality direction between the futures and physical gas returns behaves differently across time scales. For the long term, the futures gas returns only had a linear causality with the citygate, commercial, and industry gas returns, and a unidirectional nonlinear causality with residential gas returns.
At various horizons, this study's findings can provide new information on natural gas futures and physical markets for energy policy makers and market participants. In the short term, policy makers and market participants need to be concerned about potential shock impacts on the physical gas markets regarding the price uncertainty of the futures markets. At the same time, they need to pay more attention to the impact of supply and demand information in the physical gas markets, and how this may affect the natural gas futures market. In the medium term, they should focus on the market conduction effect of the resulting fluctuations of natural gas futures on the physical markets and the variations of the citygate prices. The related medium-term adjusting strategies related to the citygate prices could have a significant impact on the integration of the futures and downstream end-use gas markets. In the long term, policy makers and market participants should focus on the long-term evolution patterns of the futures gas market, because long-term policy of the gas futures market will have an impact on the long-term trends of the natural gas physical markets, with the exception of the power returns.
This study's findings can be treated as a reference sample when energy policy makers regulate their domestic gas markets or when market participants make investment, production, storage, and consumption plans with various time horizons. Though some differences in the domestic gas markets of different countries exist, this study's findings also have significant policy implications for other countries. Of course, further analyses of the complex linkage mechanisms in other countries or regions could be a future research avenue, one that can help generalize this study's findings. 
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